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Abstract 

Donor-acceptor substituted diphenylsilanes have been synthesized because of their nonlinear optical properties. The crystal and 

molecular structure of disilanes having a dimethylamino donor and a sulfonyl containing acceptor are described for the first time. 

These molecules have a trans.type conformation. The geometries of the acceptors reflect their distinct electron-withdrawing 

character. Strong electron conjugation between the phenyl ring and the dimethylamino donor, which is almost sp* hybridized, is 

indicated. The structural data form a useful basis for the analysis of molecular properties, obtained experimentally or predicted by 

calculations. 

1. Introduction 

Among the various organic molecules considered for 
second-order nonlinear optical (NLO) phenomena, 
such as the generation of second harmonics or sum 
frequencies, highly conjugated compounds bearing 
donor-acceptor (DA) substituents are still prominent. 
They generally contain two ring systems, one bearing 
the donor and the other the acceptor, connected 
through a “bridge”, the conjugation properties of which 
are of fundamental importance [l]. Both the energy 
levels and the symmetry of the bridge orbitals play a 
crucial role in facilitating the electronic excitations that 
bring about a charge transfer from donor to acceptor. 
Such an asymmetric excitation behaviour is a prerequi- 
site for second-order NLO phenomena. 

It has generally been accepted that there is a trade- 
off between second-order NLO-activity of a compound 
and its transparency in the visible and near UV range 
of the spectrum, while transparency is a requirement 
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for applications in laser technology [2]. No strict rela- 
tionship has been formulated, however, and there 
seems to be scope for optimization [3]. 

We have synthesized a variety of compounds in 
which the bridge is a disilanylene or tetrasilanylene 
moiety [4]. 
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D: donor; A: acceptor; n = 2,4 

The potential of this class of compounds for applica- 
tion in NLO was first described by Soula et al. [5a-5c]. 
These compounds are attractive because of their trans- 
parency in the visible and near UV. Conjugation in the 
silanylene chain is through u-bonds and is found to be 
weak [5d,6] compared with that in analogous stilbene, 
tolan, or diazo compounds [3,7-91. Molecules belong- 
ing to these latter classes are often planar, and the 
bridges contain rr-bonds. 

We report below on the synthesis and the crystal 
structure of two disilane compounds with an acceptor 
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substituent that contains the sulfonyi group. which is a 
strong inductive electron attractor. 

MC MC 
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The perfluoroalkylsulfonyl group in 2 is one of the 
strongest acceptors that does not contain a r-system 
[&I. We have measured the first hyperpolarizability p 
of our compounds in chloroform by Hypcr-Rayleigh 
Scattering (HRS). The values found for compounds 1 
and 2 are 15 (+4). 10~“” esu and 30 (2.3)’ 10 ‘G csu, 
respectively. Thcsc values arc close to that for the 
analogous compound with a dicyanovinyl acceptor (p 
= 22 (i 5) 10 j” au), studied by Mignani CI al. [5d]. 
Direct comparison of the ,!!I-values is not possible, 
however, since diffcrcnt mcasurcment techniques (HRS 
IX. EFISH) and different fundamental wavelengths 
(1064 IX. 1.140 nm) were employed. The merits of the 
techniques, as well as the wavelength dcpcndcncc of ,!IJ 
for the various compounds, will hc discussed in ;I 
forthcoming paper [ 101. Solutions of the sulfonyl accep- 
tor compounds 1 and 2 are transparent for wavelengths 
above 360 nm, which is an advantage for *L’IXI-applica- 
tions in the visible spectrum. 

To our knowledge no crystal structures of sulfonyl- 
containing donor-acceptor molecules have previously 
been published. Our structural study has cnahlcd us to 

establish the conformation of the molcculcr. \+hich 
provides considerable help in the understanding and 
analysis of expcrinicntal data on (nonlinear) optical 

and spectroscopic prtipcrtics. II also influcnccs the 

approach that mu\t hc tahcn in theoretical calculation\ 
of such properti~>. 

Pcrtincnt t’catures of the molecular structures arc 
discussed below Optical cliar;icteriLation. incorpora- 
tion into polymer matrices. and quantum chemical 

studicc arc lhc \ubicct. c~f ixrrcnt \sork. 

2. Kesults and discussion 

The xynthcais of the aulfones is outlined in 

Scheme 1. 
Arylmagncaium bromides arc known to react with 

bcnzcncsulfonyi lluoridcs to give diphenylxulfones [ 111; 
compound 1 was synthesized in this day in good hield. 

Since electron-~~itlidra~l;inE xubstituents on the bcn- 

zencsulfonyl tluoridc wcrc found to increase the reac- 
tivity towards the Grignard rcagcnt. MC cupccted pet-- 
fluort~alkylsulfo~i~ltl~l~)l-idec to react in the same nia11- 
ncl as a r-csult of clcctron aithdrawxl by the fluorine 
atoms. When :in csctx of siiit’on~lfluctricte C 100c; ) ~3s 

i~ml. compound 2. ;: p~rf‘luorohut~lphen~.IsuI~~tn~. wits 
isolated as ii ylightiy yellow cr!stallinc material. The 
mcthylthic) (MeS) and methou> (McC) donor contain- 
ing analogues ill’ 2 ha~c aIs> hcen synthcsizcd by this 
route. as well as the tetra\ilane \\lth Mc,i? as ;I donor. 
That worh Isill hi ~icxribed in ;L fcxthcoming paper 

[IO]. 
Single crystals suitable for an ,X-i-q diffraction study 

could bc grown from both I and 2. T:tble I lists crystal 
data for 1 and 2. T;iblc 11 s~lrctcd bond lengths and 
angles. and Tables i-5 contain atomic coordinates. 

Mc +1c 

Me Me 

Scheme I. 
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TABLE 1. Crystallographic and experimental data for compounds 1 

and 2 (CH,),N-Ph-(SiMe,)2-Ph-A 

1 2 

Acceptor group A SOzPh SO,C,F, 
Formula C2,H3,NS0,Si, C,,H,,NS0,F,Si2 
Formula weight 453.76 595.68 
Crystal system Monoclinic Triclinic 

Space group P2, /c Pi 

a (A) 11.216(l) 14.032(2) 

b (A, 9.172(l) 14.052(2) 

c (A, 24.532(2) 15.898(l) 
CY (“) 90 113.11(l) 
p (“) 98.11(l) 94.31(l) 

y (“) 90 100.57(l) 

v &3, 2498.4(g) 2796.5c1.4) 
z 4 4 
D,,,, (g cm-“) 1.206 1.415 
F(000) 968 1224 
F km-‘) 2.4 2.72 
Cryst. size (mm”) 0.35 x 0.20 x 0.15 0.45 x 0.40 x 0.35 
T (K) 140 293 
20 limits 110529 ll0<20 
Data collected ih, +k, +I + h, ? k, f I 
No. of unique data 6629 5185 
No. of rflns obsd (I 2 3v(I)J 4799 4130 
No. of params 331 661 
R(F) 0.047 0.083 
R,(F) (w = 1) 0.057 0.089 

Residual p (e A-s) 0.35 0.58 
Max shift d/a (final cycle) 0.38 0.08 

Views of the molecular structures and of the unit cells 
of both 1 and 2 can be found in Figs. 1-4. * 

In the case of compound 2 the unit cell contains two 
crystallographically independent molecules (2A, 2B) 
and their inverted counterparts. Their overall geome- 
tries are similar, and in the discussion below we use 
average values of bond lengths and angles except where 
noted. 

For compounds 1 and 2 the Si-Si bond length can 
be given as 2.340(5) A. This is a common value for 
disilanes with small substituents [12,13]. The Si-Si bond 
length is found to increase considerably, howeve!, if 
the silicon atoms bear large substituents: e.g. 2.39 A in 
dodecaphenylcyclohexasilane [ 131; 2.59 A in hexa-tert- 
butyl-1,3_dimethyltrisilane 1141; 2.70 A in hexa-tert- 
butyldisilane [151. A value of 2.34 A has also been 
found for two other DA-substituted diphenyldisilanes, 
one of which contained a fluoro and the other a 
trifluoromethyl acceptor group [4]. The dicyanovinyl 
acceptor compound has a Si-Si bond length of 2.325(7) 

* Editor note. Diagrams of the unit cells are included, even though 

these are not discussed, because they will be referred to in 

subsequent related papers. 

Fig. 1. Molecular stkcture of compound 1, (CH,),N-Ph-(SiMe,),- 

Ph-SO,-Ph. 

A [5dl only slightly less than the common value of 2.34 
A. In the DA-substituted diphenyldisilane compounds, 
the bond characteristics thus do not seem to be af- 
fected by the a-conjugation that is assumed to occur in 
these molecules. 

Our results reveal that the overall conformations of 
the molecules 1 and 2 are very similar and characteris- 
tic of the diphenyldisilanes so far investigated by X-ray 
diffraction. Each shows a truns-type arrangement of 
the central C-Si-Si-C bonds, with the phenyl rings 
roughly perpendicular to the plane through these 
bonds. Deviations from perpendicularity are largest for 
compound 1, and amount to 14”. The tilt between the 
two phenyl rings is 18” for compound 1 and 14” for 
compound 2. The C-Si-Si-C backbone is slightly 
twisted, as shown by the torsional angles in Table 2; 
the two molecules in the cell of 2 have opposite twists. 
Our quantum chemical calculations show the truns-type 
configuration to be the most favourable one for high 
values of the first hyperpolarizability p. 

The dimethylamino donor group is only slightly 
pyramidal in these molecules, the sum of the C-N-C 
bond angles being 358”. This is an indication of strong 
conjugation of the lone pair electrons of nitrogen with 



the n-system of the phcnyl ring, Lchich change:, the 

hybridization from .SJI’ to almost so)‘. Accordingly. in 

compound 2. the bonds btween nitrogen and the ring 
carbon arc approx. 0. I A shorter than the nitrogen-- 

methyl bonds (average valuc5: l.i7( I) A i’s 1.3M3) :\I. 
and the c’l -8 4‘11 angle is only I Ih In this rc~pcct, 
there appears to be a small distinction between 1 ;ttd 
2: in 1 the bond length diffcrencc i4 ().(I7 ,“2 and :tII 
three C-N-C’ angles arc I 19.5’~. 

In 2 the Si-C’ tx~nd to the donot- ring i\ (‘(I. 0.04 $, 
sohhortcr tha; the Si-C‘ bond to the xxeptor ring ( I .Xh 

A I‘S. I.90 A): in 1 this dift’ercnce is onl~~ it.i)i .I”\ but is 
probably significant. 

As regards the acceptot~ gt-oups. the conl‘iguration at 

the sulfur atom dcservc\ attention. In I!. the bond 

between sulfur and the carbon (‘10 in !hc periluo- 

roalkyl tail i\ 0.14 A longer than the bulfur Icr t-ins 

(S-Cl61 bond: 1.8% R i 3. I .74 A. This finding i4 in lint 
with the rcsull4 I‘oI- wrious compounds with (multiple) 
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Fig. 3. Molecular structure of compound 2, (CH,),N-Ph-(SiMe,),- 

Ph-SO, -C,F,. 

tail is its slightly helical nature, as is apparent from Fig. 
3. A helical backbone is also found in crystalline 
poly(tetrafluoroethylene) [ 171, but the conformation of 
short-chain n-perfluoro-alkanes is less well established. 
Though the geometries of the two molecules in the cell 
of 2 are found to be very similar, the helical twists of 
the tails are opposite: one is left-handed, the other 
right-handed. This is reflected in the values of the 

torsional (dihedral) angles of the S-C-C-C-C back- 
bone (S-Cl9 . . . C22 in Table 21, which are numeri- 

cally fairly close to 170” for both 2A and 2B, but have 
different signs. Though on the average a helical charac- 
ter is preserved, the temperature factors of the accep- 
tor tail atoms are relatively large (up to a value of 13 
A’ for the carbons and 25 A2 for the fluorines at the 
tail end) and indicate some configurational freedom. 

There is a slight indication, just outside the error 
limits, of some quinoid character of the phenyl rings in 
the donor-to-acceptor path in compound 1. The ring 
C-C bonds parallel to the long axis are found to be 

1.387(l) A long, whereas the other ring bonds are 
1.402(7) A long (standard deviations from averaging; 
each individual value has a u of 0.004 A>. Although 
this effect will probably be more pronounced in 2 
because of the presence of a stronger acceptor, the 
experimental uncertainty does not allow a definite con- 
clusion to be drawn. 

Fig. 4. Stereo view of the unit cell of compound 2, (CH,),N-Ph-(SiMe2)2-Ph-SOz-C,F, 
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3. Conclusion 

This study has shown that our diphenyldisilane based 
donor-acceptor compounds, in the molecular crystal, 
show several features that reflect the functionality of 
donor and acceptor, and that they have the trans-type 
conformation that is favourable for NLO-behaviour. 

4. Experimental details 

4.1. General procedures 
All reactions were carried out under dry argon by 

standard Schlenk techniques. Tetrahydrofuran (THF) 
and diethyl ether (Et,01 were distilled from P,O, and 
then from LiAlH, under nitrogen. Other solvents were 
distilled from the appropriate drying agents. Perfluo- 
robutylsulfonylfluoride (PCR), benzenesulfonyl fluo- 
ride (Aldrich), magnesium (turnings, 99%, Fluka) were 
used as received. 

Column chromatography was performed on silica 
gel (230-400 mesh ASTM, Merck). Melting points are 
uncorrected. UV-Visible spectra were recorded on a 
SLM-Aminco 3000 Array spectrometer using spectral 
grade solvents (Uvasol, Merck). FTIR spectra (KBr) 
were taken on a Mathson Galaxy FT-IR spectrometer. 
‘H NMR and 19F NMR spectra were recorded on a 
200 MHz Varian Gemini spectrometer; 13C NMR and 
2ySi NMR spectra on a 300 MHz Varian WXR300) 
spectrometer. 

Chloroform-d (‘H- and 13C NMR) was used as an 
internal standard and trifluoroacetic acid/trichloroflu- 

oromethane (“F NMR) and TMS (29Si NMR) were 
used as external standards. All chemical shifts reported 
were externally referenced to TMS (0 ppm) except for 
the 19F NMR chemical shifts, which were referenced 

to CFCl, (0 ppm) and CF,COOH (-77 ppm). Mass 
spectra were obtained with an AEI MS9 mass spec- 
trometer (Mr. A. Kiewiet, Department of Organic 

Chemistry, University of Groningen). 

4.2. Starting materials 
l-(4-bromophenyll-2-(4’-(dimethylamino)phenyl)- 

1,1,2,2-tetramethyldisilane (3) was prepared as previ- 
ously described [5]. 1,2-dichlorotetramethyldisilane was 
prepared following the procedure reported by Sakurai 
[18] and was distilled under argon before use. 

4.3. Synthesis 

4.3.1. I-(4-dimethylamino)phenyl)-2-(4’-(phenyl- 
sulfonyl)phenyl)1,1,2,2-tetramethyldisilane (I) 

A solution of 3 (10 g, 25.6 mmol) in THF (100 ml) 
was added slowly to magnesium (1.2 g, 49 mmol) acti- 
vated by a crystal of iodine. The mixture was subse- 

quently refluxed for 4 h and then cooled and added 
dropwise to a solution of benzenesulfonyl fluoride (4.1 
g, 25.6 mmol) in THF (30 ml) at 0°C. The mixture was 
stirred for 16 h at room temperature then concen- 
trated, and diethyl ether (100 ml) was added. The 
solution was filtered then washed three times with 
water (200 ml>. The organic layer was dried over MgSO, 
and the solvent removed under vacuum. The white 
solid residue was purified by column chromatography 
(silica gel) with 1: 3 pentane/ dichloromethane (v/v> as 
eluent. Recrystallization from ether gave 6.1 g of 1 as 
white crystals (53%) (mp 124-125°C). ‘H NMR (chlo- 
roform-d): 6 0.26 (s, 6H, (CH,),N-C,H,-Si(CH,),-I, 

0.31 (s, 6H, C,H,-SO,-C,H,-Si(CH,),), 2.95 (s, 6H, 
(CH,),N-), 7.18-6.67 (dd, 4H, ((CH,),N-C,H,-), 
7.49-7.83 (dd, 4H, C&H,-SO,-C,H,-I, 7.53 (m, 3H)- 
7.96 (d, 2H), (C,H,-SO,-C,H,-1. 13C NMR (chloro- 
form-d): 6 -4.13 ((CH,12N-C,H,-Si(CH,),--1, 
- 3.84 (C,H,-SO,-C,H,-Si(CH,),-), 40.11 
((CH,),N-1, 122.27, 111.95, 134.77, 150.73 KCH,),N- 
C,H,-), 147.68, 134.49, 126.18, 140.97 (C,H,-SO,- 
C,H,-), 141.70, 127.57, 129.15, 132.99 (SO,-C,H,). 
29Si NMR (chloroform-d): 6 -22.74 ((CH,),N- 

C,H,-Si(CH,),-), - 20.70 (C,H,-SO,-C,H,- 
Si(CH,),-). FTIR KBr): v (SO,) 115Ovs, 1325~s; v 
(Si-CH,) 1243~; v (Si-Cl,, 1447w, 1105s; v (C-C>,, 
1594~s cm -l. UV: cyclohexane 269 nm (E = 298001, 
acetonitrile 270 nm (E = 25900). Mass spectra: m/e 
453 CM+). Exact mass determination calcd for 
C,,H,,Si,NSO, 453.161, found 453.161. 

4.3.2. l-(I-dimethylamino)phenyl)-2-(4’-(nona- 
fZuorobutylsulfonyl)phenyl)l,1,2,2-tetramethyldisilane (2) 

A solution of 3 (9.25 g, 23.7 mmol) in THF (75 ml) 
was added slowly to magnesium (0.8 g, 33 mmol) acti- 
vated with a crystal of iodine. The mixture was subse- 
quently refluxed for 3 h then cooled and added drop- 
wise to a solution of perfluorobutylsulfonyl fluoride (14 
g, 46 mmol) in THF (25 ml) at -30°C. The mixture 
was stirred for 16 hours at room temperature then 
concentrated and diethyl ether (75 ml) was added. The 
solution was filtered, and the residual salts were washed 
twice with ether (40 ml). The combined ether solutions 
were concentrated under vacuum, and the residue was 
purified by column chromatography (silicagel) with 1: 5 
pentane/ dichloromethane (v/v> as eluent. Recrystal- 
lization from ether/pentane gave 3.6 g of slightly yel- 
low crystals of 2 (26%) (mp 58-59°C). ‘H NMR (chlo- 
roform-d): 6 0.31 (s, 6H, (CHs),N-C,H,-Si(CHs),-I, 

0.41 (s, 6H, F,C,-SO,-C,H,-Si(CH,),-I, 2.98 (s, 6H, 
(CH,),N-1, 7.18-6.69 (dd, 4H, ((CH,),N-C&-l, 
7.63-7.91 (dd, 4H, F,C,-SO,-C,H,-1. ‘jC NMR 
(chloroform-d): 6 - 4.35 ((CH,),N-C,H,-Si- 

(CH3)2-), - 3.98 (F,C,-SO,-C,H,-Si(CH312->, 



40.17 ((C’N,),N--I, 111.X.3. 1 I I.W, 134.77. 150.S7 
UCIH3)+C’,,~,,-). 153.08, 1.34.80. 13.30. I.31 .JO 
(E‘,,C,--S03-C.‘hHj-). IOO- 120 Cm, SO,--CI’~I~,,). “‘Si 
NMR (chloroform-cl): 8 ~ 27.53 ((c’f-l ._):N -(‘,,H , 

SdCHJ-1, -- IY.Y? (F&J,-SO-C,,Ii ,--Sr((‘H 3)2--J. 

“‘I; NMK (chlvrofornl-cl): ~- X0.s (t, ‘.I( f+i ( IZHzi. 
SO,(‘FJ:F,). - 1 1 1.8. ~ I2O.~J. -~ IYI. 1 (so,cf-l- 
C,F,). FTIR (KBr): 18 (SC),) 1170~s. 137&y I’ (Si---CT1 :) 
1247~; 11 (Si-C),,, 135Uw, 1105s: 7’ (C‘--C‘),,, ISY~~vs: it 

(C-F) 11404. 1300s cm ‘. [IL’: cycIohcu:rnc 37-T nm 

(c = 32YOO). acctonitrilc ‘73 nm (c = 33YOO). Ma5s 

spectra: m/e 5% CM- 1. Exact mass tictcrmination 

calcd for C‘-, H ,,,Si .NSOT I;,, 5%. IV). found 505.11)S. 

Data colic&m was performed with graphite-mono- 

chromatized MO K cu-radiation (A = 0.7 107.3 A) 011 ;i 

Nonius CAD4F diff‘ractometcr. Thrcu standard rcflcc- 

tions wcrc measured every 3 h in order to col.rcct for 

scale variation (drift in the primary heam a~rci dccrcasc 
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Fourier difference syntheses. Anisotropic temperature 
factors were used for the non H-atoms and isotropic 
fixed temperature factors (Bi,, = 4.0 A21 for the H- 
atoms. In the final refinements the H-atoms were 
allowed to ride on their adjoining atoms at a distance 
of 0.97 A. 

Compound 2: Crystals were grown from a solution 
in ether/pentane at -20°C and were slightly yellow. 
Cell constants were obtained by least-squares refine- 
ment on the angular settings of 2.5 reflections in the 
range 9.9” 5 19 I 16.2”. Data collection was performed 
at 293 K using the 19-20 scan technique. An intensity 
decrease of 4% was found and attributed to crystal 

decomposition. Lorentz and polarization corrections 

TABLE 5. Fractional atomic coordinates and B,,, (A*) for non-hy- 

drogen atoms for molecule B of compound 2 (e.s.d. in parentheses) 

Atom x Y z B IP” 

Sil 0.X159(2) 0.4236(2) 

Si2 0.8021(2) 0.2597(2) 

Cl 1.1271(8) 0.3801(9) 

c2 0.965(l) 0.3405(O) 

c3 0.9756(8) 0.3935(6) 

c4 1.0303(8) 0.4192(6) 

C5 0.9819(7) 0.4303(7) 

C6 0.8781(7) 0.4179(6) 

c7 0.8250(8) 0.3944(6) 

C8 0.8729(8) 0.3825(7) 

c9 0.6881(8) 0.4432(8) 

Cl0 0.8897(S) 0.5355(7) 

Cl1 0.7072(9) 0.1578(8) 

Cl2 0.9238(7) 0.2204(7) 

Cl3 0.7610(7) 0.2681(6) 

Cl4 0.828X8) 0.3100(7) 

Cl5 0.8002(8) 0.3165(7) 

Cl6 0.6993(g) 0.2807(6) 

Cl7 0.6291(S) 0.2414(8) 

Cl8 0.6605(8) 0.2349(7) 

Cl9 0.6694(9) 0.1552(8) 

c20 0.630(l) 0.1458(9) 

c21 0.656(l) 0.042(l) 

c22 0.606(l) 0.0344(9) 

N 1.0219(7) 0.3797(6) 

s 0.6628(2) 0.2888(2) 

01 0.5622(6) 0.2895(6) 

02 0.7355(7) 0.3639(6) 

Fl 0.6176(7) 0.0822(4) 

F2 0.7626(5) 0.1502(S) 

F3 0.5318(6) 0.1280(7) 

F4 0.6622(S) 0.2309(6) 

F5 0.635(l) - 0.0327(6) 

F6 0.7530(8) 0.0927(9) 

F7 0.641(l) - 0.0356(7) 

F8 0.517X9) - 0.001 l(9) 

F9 0.622(l) 0.1085(8) 

_ 

0.3446(2) 4.16(7) 

(X3536(2) 4.38(7) 

0.0165(8) 6.8(3) 

0.0822(7) 6.9(4) 

0.0879(6) 4.3(3) 

0.175(X6) 4.2(3) 

0.2509(6) 4.3(3) 

0.2447(6) 4.(x2) 
0.1564(6) 4.6(3) 

0.0785(6) 5.0(3) 

0.3264(7) 6.6(3) 

0.4553(6) 5.5(3) 

0.2549(7) 6.8(4) 

0.3488(7) 5.5(3) 

0.4669(6) 4.4(2) 

0.5479(6) 4.8(3) 

0.6316(7) 5.3(3) 

0.6329(6) 4.6(3) 

0.5535(7) 5.4(3) 

0.4700(6) 5.3(3) 

0.7328(7) 6.7(3) 

0.8194(8) 8.4(4) 

0.8283(9) 13.1(5) 

0.9120(9) 11.2(5) 

0.0122(6) 6.2(3) 

0.7360(2) 6.07(8) 

0.7330(5) 7.5(2) 

0.8122(5) 7.8(3) 

0.6538(4) 8.9(2) 

0.7342(5) 9.3(2) 

0.8036(5) 15.8(3) 

0.8976(5) 11.8(3) 

0.7556(6) 20.9(h) 

0.8730(7) 18.8(4) 

0.9252(6) 17.6(5) 

0.8911(7) 25.2(4) 

0.9876(6) 17.3(4) 

Biso is the isotropic equivalent displacement parameter defined as: 

(4/3)*[a2 * B,,, + b2 * B,,, + cz * B,,, + ab cos y * B,,, + ac 
cos /3 * B,,, + bc cos ru * B,.,). 

were applied to the data, but no absorption correction. 

The structure was solved by direct methods. The H- 
atoms were located from Fourier difference syntheses. 
Anisotropic temperature factors were used for the non 
H-atoms and isotropic fixed temperature factors (BiSO 
= 5.0 A21 for the H-atoms. In the final refinements the 
H-atoms were allowed to ride on their adjoining atoms 

at a distance of 0.97 A. 
Complete lists of atomic coordinates, bond lengths 

and angles, and anisotropic thermal parameters will be 
deposited at the Cambridge Crystallographic Data 
Centre. Lists of structure factors are available from the 
authors. 
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